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(57) ABSTRACT 

A method for a computer system includes determining a 
plurality of positions of portions of a hand of a user simulta 
neously placed upon a user interface device of the computer 
system, retrieving a set of display icons in response to the 
plurality of positions of the portions of the user hand, display 
ing the display icons from the set of display icons on a display 
relative to the plurality of positions of the portions of the user 
hand; while displaying the display icons on the display, deter 
mining a user selection of a display icon from the display 
icons, and performing a function in response to the user 
selection of the display icon. 
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METHODS AND APPARATUS FOR 
SMULTANEOUS USER INPUTS FOR 
THREE-DIMIENSIONAL ANIMATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The present application claims priority to and is a non 
provisional application of U.S. Provisional Patent Ser. No. 
61/047,735 filed Apr. 24, 2008. This disclosure is hereby 
incorporated by reference in their entirety for all purposes. 

BACKGROUND 

Embodiments of the present invention relate to three-di 
mensional environment user interfaces. More specifically, 
various embodiments of the present invention relate to user 
interface devices and methods allowing a user to intuitively 
navigate within a virtual three-dimensional environment. 

Throughout the years, movie makers have often tried to tell 
stories involving make-believe creatures, far away places, 
and fantastic things. To do so, they have often relied on 
animation techniques to bring the make-believe to “life.” Two 
of the major paths in animation have traditionally included, 
drawing-based animation techniques and physical animation 
techniques. 

Drawing-based animation techniques were refined in the 
twentieth century, by movie makers such as Walt Disney and 
used in movies such as “Snow White and the Seven Dwarfs' 
(1937) and “Fantasia” (1940). This animation technique typi 
cally required artists to hand-draw (or paint) animated images 
onto a transparent media or cels. After painting, each cel 
would then be captured or recorded onto film as one or more 
frames in a movie. 

Physical-based animation techniques typically required 
the construction of miniature sets, props, and characters. The 
filmmakers would construct the sets, add props, and position 
the miniature characters in a pose. After the animator was 
happy with how everything was arranged, one or more frames 
of film would be taken of that specific arrangement. Physical 
animation techniques were developed by movie makers such 
as Willis O'Brien for movies such as “King Kong' (1933). 
Subsequently, these techniques were refined by animators 
such as Ray Harryhausen for movies including “Mighty Joe 
Young” (1948) and “Clash Of The Titans” (1981). 

With the wide-spread availability of computers in the later 
part of the twentieth century, animators began to rely upon 
computers to assist in the animation process. This included 
using computers to facilitate drawing-based animation, for 
example, by painting images, by generating in-between 
images (“tweening'), and the like. This also included using 
computers to augment physical animation techniques. For 
example, physical models could be represented by virtual 
models in computer memory, and manipulated. 
One of the pioneering companies in the computer anima 

tion/computer generated imagery (CGI) industry was Pixar. 
Pixar is more widely known as Pixar Animation Studios, the 
producer of animated features such as “Toy Story’ (1995) and 
“Toy Story 2” (1999), “A Bugs Life” (1998), “Monsters, Inc.” 
(2001), “Finding Nemo' (2003), “The Incredibles” (2004), 
“Cars” (2006), “Ratatouille” (2007), “Wall-E (2008) and 
others. In addition to creating animated features, Pixar devel 
oped computing platforms specially designed for animation, 
and software now known as RenderMan(R). RenderMan(R) has 
been recognized with multiple Academy Awards(R) and has 
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2 
been well received in the CGI industry 47 of the last 50 
Academy Award Nominees for Visual Effects have used Ren 
derMan(R). 
The inventors of the present invention have recognized that 

a problem users encounter when producing animation is how 
to efficiently and intuitively navigate and manipulate virtual 
objects in a virtual three-dimensional environment. More 
particularly, the inventors have recognized that typical user 
interfaces such as keyboards, mice, and the like often hinder 
the animation process—users being able to place characters 
within a scene, specify positions of camera within a scene, 
move objects within a scene, and the like. 

In typical cases, the user may use a keyboard to enter 
numeric values to specify positions of objects in a scene. The 
problem with this is that users often do not have an intuitive 
feel of the correspondence between the numeric values and 
the object placement. Instead, the user has to view the 3D 
placement results on a display, modify the numeric values, 
view the modified 3D placement results on the display, etc. A 
similar problem is seen with slider-type graphical user inter 
faces on the display, where the user must move a slider, view 
the results, etc. 

Another problem is that for highly complex rendering and 
modeling software programs, graphical user interfaces often 
consume a substantial portion of the computer display with 
icons, menus, toolbars, and the like. Accordingly, the actual 
workspace for the user for the three-dimensional environment 
may be disadvantageously small (e.g. 75% of the display, 
50% of the display, or the like). 

In other cases, the user may use a mouse, or the like, to 
navigate in 3D space. The problem with this is that since the 
cursor typically moves only in 2D space, navigation in the 3D 
space it is often ambiguous or difficult to visualize. For 
example, assuming the user is attempting to place an object 
into an isometric view of a scene, if the cursor is moved 
upwards, it is ambiguous if the object should be moved ver 
tically upwards, or further back into the scene. 

In still other cases, specialized user interface devices 
including multiple knobs, specialized joysticks including 
additional degrees of freedom, or the like may be provided. 
Drawbacks to such devices however, include that operation of 
such devices are still often non-intuitive and difficult forusers 
tO master. 

In light of the above, what is needed are efficient and 
intuitive methods for three-dimensional navigation and 
object manipulation, without the drawbacks described above. 

SUMMARY 

Embodiments of the present invention relates to three 
dimensional environment user interfaces. More specifically, 
various embodiments of the present invention relate to a user 
interface devices and methods allowing a user to intuitively 
navigate within virtual three-dimensional environments. 

Various embodiments of the invention provide a user inter 
face device capable of sensing ore or more user contacts at the 
same time. In some embodiments, the user interface device 
may be a region separate from a user display. Such as a tablet, 
mouse Surface, or the like. In other embodiments, the user 
interface device may be placed on top, or integrated with a 
user display. In such embodiments, as a user places or con 
tacts one or more of their fingers, palms, arms, etc. on the user 
interface device, the output display portion reflects or 
acknowledges this contact via changing the display positions 
at or about the contact positions. As examples, a shape (e.g. a 
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circle halo, square, triangle) may appear under or around each 
user contact point, an icon may appear next to each user 
contact point, or the like. 

In various embodiments, the one or more contacts of the 
user interface device allow a user to simply navigate within a 
three-dimensional environment. In some embodiments, 
based upon a single contact (e.g. a finger of the user) of the 
user interface device, as the finger is moved to the left or the 
right, the virtual camera appears to move clockwise or 
counterclockwise around the scene; as the finger is moved up 
or down, the virtual camera appears to be raised or lowered in 
the scene, while still pointing to the center of the scene; and 
the like. In various embodiments, combinations of left or right 
and/or up or down finger movements correspond to combi 
nations of the above the virtual camera movements. Further, 
in other embodiments, the movements may be mapped to 
other manipulations of a virtual camera. 

In some embodiments, based upon simultaneous contacts 
(e.g. fingers of the user) on the user interface device at the 
same time, additional virtual camera parameters may be set or 
modified. As examples, as the fingers are moved left or right 
in opposite directions, the virtual camera appears to move 
towards or away from the scene; as the fingers are moved up 
or down in opposite directions, the virtual camera appears to 
roll about an axis (e.g. optical axis); as the fingers are both 
moved to up or down in the same direction, the virtual camera 
appears to be raised or lowered in the scene; as the fingers are 
both moved to the left or the right in the same direction, the 
virtual camera appears to be shifted to the left or the right in 
the scene; or the like. In various embodiments, combinations 
of movements and relative movements correspond to combi 
nations of the above the virtual camera movements. Further, 
in other embodiments, the movements and relative move 
ments may be mapped to other types of manipulations of the 
virtual camera. 

In various embodiments of the present invention, a user 
may place their hand upon the user interface device. In 
response, the user interface device may determine positions 
where the fingers, the finger tips, the palm, or other portions 
of the users hand contacts. The positions typically vary for 
each user, as users typically have different hand geometries, 
e.g. finger lengths, finger spacings, hand length, and the like. 
Based upon the positions of the users hand, a determination 
may be made that a menu of functions should be displayed on 
a display. In response, icons (text/images) representing menu 
functions are displayed on the display based upon the posi 
tions of the users hand. In various embodiments, the display 
and the user interface device may be integrated or layered on 
top. To the user, then, the menu function icons appear on the 
display near or next to where the finger tips of the user contact 
the user interface device. If the user moves their hand along 
the user interface device, the icons may appear to follow the 
movement of the hand. In other embodiments, the menu 
function icons appear on the display between where the finger 
tips of the user contact the user interface device. 

In still other embodiments, function icons, or the like may 
not immediately appear, but appear after a short delay. Such 
cases would be valuable to a user who has memorized the 
icons or menus associated with each finger tip, between each 
finger, or the like. However, if the user is still unsure, the user 
may maintain the contact until after the delay period, and the 
function icons or the sub-menus will then be displayed. In 
various embodiments, the delay period may be pre-defined, 
user selected, or the like. 

In various embodiments, the user may select one of the 
menu function icons in a variety of ways. For example, in 
Some embodiments, the user may use a finger of their oppo 
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4 
site hand to directly contact a menu function icon by contact 
ing the display; the user may lift-off a finger from the user 
interface device, thereby selecting the menu function icon 
appearing next to that finger, the user may lift-off other fin 
gers except the finger next to the desired menu function icon; 
or the like. In various embodiments, the menu function icon 
may be associated with functions, Sub-menus, or the like. 

In various embodiments of the present invention, a user 
may manipulate objects in 3D based upon one or more con 
tacts (e.g. fingers of the user) of the user interface device at the 
same time. In some embodiments, a user may select an object 
for manipulation in 3D with a first finger. Based upon the 
selection, a number of geometric constraints options may 
become available or visible to the user on the display. As an 
example, the geometric constraints may constrain movement 
of the object along a selected geometric axis by selecting a 
geometric axis with a second finger and moving the first and 
second fingers along the axis. In various embodiments, to 
constrain movement or rotation along a geometric axis, the 
user may select (with a second finger) the geometric axis, and 
then move the second finger to move or rotate the object. In 
various embodiments, to constrain movement within a geo 
metric plane, the user may select (with a second and third 
fingers) the geometric axes defining the geometric plane, and 
then move the three fingers to move the object within the 
sensing Surface. 

In various embodiments, after selecting with the second 
and/or third fingers, the user may lift-off various fingers. In 
such embodiments, the order in which a user lifts-off their 
fingers determines whether geometric constraints are “tem 
porary' or “permanent.” For example, if the user lifts-off their 
first finger, while maintaining a second finger, the object is 
constrained to move relative to a geometric axis, in response 
to movement of the second finger ("permanent constraint); 
and if the user lifts-off their second finger, while maintaining 
the first finger, the object remains selected, but the constraint 
to the geometric axis is not maintained (“temporary con 
straint). 

In various embodiments of the present invention, a user 
may place portions of their hands, arms, fingers, etc. on the 
user input device at the same time. As an example, a user may 
place a palm but not finger tips on the input device; the user 
may place the side of their hand shaped in a “I” shape, “O'” 
shape, “C” shape, or the like; the user may place their entire 
hand on the input device, or the like. In various embodiments, 
certain geometric combinations or shapes may be associated 
with specific functions, menus, or the like. As an example, 
when the user places their palm with or without finger tips on 
the input device at the same time, the system may recognize 
this as a request of the user to bring-up a specific menu of 
functions. As an example, when the finger tips are approxi 
mately evenly spaced, a first menu of functions (e.g. file 
functions: open, save, delete, close, etc.) may be retrieved; 
when the ring to pointerfinger tips are placed adjacent to each 
other and the thumb and pinky are separate, a second menu of 
functions (e.g. edit functions: copy, paste, find replace, etc.) 
may be retrieved; or the like. 

According to various aspects of the present invention, a 
method is described. One technique includes determining a 
first position of a first indicator of the user placed upon a user 
interface device of the computer system, determining a first 
position of a second indicator of the user placed upon a user 
interface device of the computer system, determining a first 
set of virtual camera parameters for a virtual camera in three 
dimensional space relative to a three-dimensional scene, and 
determining a first image of a three-dimensional Scene in 
response to the first set of virtual camera parameters in three 
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dimensional space. A process may include displaying the first 
image of the three-dimensional scene to a user on a display of 
the computer system, determining a second position of the 
first indicator of the user placed upon the user interface device 
of the computer system, determining a second position of the 
second indicator of the user placed upon the user interface 
device of the computer system, and determining a second set 
of virtual camera parameters for the virtual camera in three 
dimensional space relative to the three-dimensional scene in 
response to the first set of virtual camera parameters, to the 
first position and the second positions of the first indicator of 
the user, and to the first position and the second position of the 
second indicator. An operation may include determining a 
second image of a three-dimensional Scene in response to the 
second set of virtual camera parameters in three-dimensional 
space, and displaying the second image of the three-dimen 
sional scene to the user on the display of the computer system. 

According to various aspects of the present invention, a 
computer program product comprising a tangible medium 
including computer system executable code for a computer 
system including a processor, a memory and a display. In 
various embodiments, the computer program product 
includes code that directs a processor to determine a first 
position of a first indicator of the user placed upon a user 
interface device of the computer system, code that directs a 
processor to determine a first position of a second indicator of 
the user placed upon a user interface device of the computer 
system, code that directs a processor to determine a first set of 
virtual camera parameters for a virtual camera in three-di 
mensional space relative to a three-dimensional scene, and 
code that directs a processor to determine a first image of a 
three-dimensional scene in response to the first set of virtual 
camera parameters in three-dimensional space. The tangible 
media may include code that directs a processor to display the 
first image of the three-dimensional scene to a user on a 
display of the computer system, code that directs a processor 
to determine a second position of the first indicator of the user 
placed upon the user interface device of the computer system, 
code that directs a processor to determine a second position of 
the second indicator of the user placed upon the user interface 
device of the computer system, and code that directs a pro 
cessor to determine a second set of virtual camera parameters 
for the virtual camera in three-dimensional space relative to 
the three-dimensional scene in response to the first set of 
virtual camera parameters, to the first position and the second 
positions of the first indicator of the user, and to the first 
position and the second position of the second indicator. A 
computer program product may include code that directs a 
processor to determining a second image of a three-dimen 
sional scene in response to the second set of virtual camera 
parameters in three-dimensional space, and code that directs 
a processor to display the second image of the three-dimen 
sional scene to the user on the display of the computer system. 
The tangible media may include optical storage media, mag 
netic storage media, semiconductor storage media, electrical 
storage media, or the like. 

According to various aspects of the present invention, a 
computer system is described. One device includes a memory 
configured to store a first set of virtual camera parameters for 
a virtual camera in three-dimensional space relative to a 
three-dimensional scene. An apparatus may include a proces 
Sor coupled to the memory, wherein the processor is config 
ured to determine a first image of a three-dimensional scene in 
response to the first set of virtual camera parameters in three 
dimensional space, configured to determine a second position 
of the first indicator of the user placed upon the user interface 
device of the computer system, configure to determine a 
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6 
second position of the second indicator of the user placed 
upon the user interface device of the computer system, con 
figured to determine a second set of virtual camera param 
eters for the virtual camera in three-dimensional space rela 
tive to the three-dimensional scene in response to the first set 
of virtual camera parameters, to the first position and the 
second positions of the first indicator of the user, and to the 
first position and the second position of the second indicator, 
and configured to determining a second image of a three 
dimensional scene in response to the second set of virtual 
camera parameters in three-dimensional space. A system may 
include a display coupled to the processor, wherein the dis 
play is configured to display the first image of the three 
dimensional scene to a user on a display of the computer 
system, and configured to display the second image of the 
three-dimensional scene to the user on the display of the 
computer system. 

According to various aspects of the present invention, a 
method is described. One technique includes displaying a 
representation of a first three-dimensional object located at a 
first three-dimensional location at a first display position on a 
display to a user, determining a first user interface position of 
a first indicator of the user placed upon a user interface device 
of the computer system, and determining a selection of the 
first three-dimensional object in response to the first user 
interface position and the first display position. A process 
includes displaying a representation of a plurality of geomet 
ric constraints associated with the first three-dimensional 
object at a plurality of display positions on the display to the 
user, while the first indicator of the user is placed upon the 
user interface device, determining a second user interface 
position of a second indicator of the user placed upon the user 
interface device, and determining a selection of a geometric 
constraint from the plurality of geometric constraints in 
response to the second user interface position and the plural 
ity of display positions. Operations may include determining 
movement of the second indicator of the user placed upon the 
user interface device from the second user interface position 
to a third user interface position, moving the first three-di 
mensional object from the first three-dimensional location to 
a second three-dimensional location, in response to the move 
ment of the second indicator and in response to a geometric 
constraint associated with the selection of the geometric con 
straint, determining a representation of a first three-dimen 
sional object located at the second three-dimensional loca 
tion, and displaying the representation of the first three 
dimensional object located at the second three-dimensional 
locationata second display position on the display to the user. 

According to various aspects of the present invention, a 
computer program product comprising a tangible medium 
including computer system executable code for a computer 
system including a processor, a memory and a display. In 
various embodiments, the computer program product 
includes code that directs a processor to display a represen 
tation of the first three-dimensional object located at a first 
three-dimensional location at a first display position on a 
display to a user, code that directs a processor to determine a 
first user interface position of a first indicator of the user 
placed upon a user interface device of the computer system, 
and code that directs a processor to determine a selection of 
the first three-dimensional object in response to the first user 
interface position and the first display position. The tangible 
medium may include code that directs a processor to display 
a representation of a plurality of geometric constraints asso 
ciated with the first three-dimensional object at a plurality of 
display positions on the display to the user, code that directs 
a processor to determine a second user interface position of a 
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second indicator of the user placed upon the user interface 
device, while the first indicator of the user is placed upon the 
user interface device, and code that directs a processor to 
determine a selection of a geometric constraint from the plu 
rality of geometric constraints in response to the second user 
interface position and the plurality of display positions. The 
code may include code that directs a processor to determine 
movement of the second indicator of the user placed upon the 
user interface device from the second user interface position 
to a third user interface position, code that directs a processor 
to move the first three-dimensional object from the first three 
dimensional location to a second three-dimensional location, 
in response to the movement of the second indicator and in 
response to a geometric constraint associated with the selec 
tion of the geometric constraint, code that directs a processor 
to determine a representation of a first three-dimensional 
object located at the second three-dimensional location, and 
code that directs a processor to display the representation of 
the first three-dimensional object located at the second three 
dimensional location at a second display position on the dis 
play to the user. The tangible media may include optical 
storage media, magnetic storage media, semiconductor Stor 
age media, electrical storage media, or the like. 

According to various aspects of the present invention, a 
computer system is described. One device includes a memory 
configure to store a model of a first three-dimensional object. 
An apparatus may include a processor coupled to the 
memory, wherein the processor is configured to determine a 
representation of the first three-dimensional object located at 
a first three-dimensional location in response to the model, 
configured to determine a first user interface position of a first 
indicator of the user placed upon a user interface device of the 
computer system, configured to determine a selection of the 
first three-dimensional object in response to the first user 
interface position, configured to determine a second user 
interface position of a second indicator of the user placed 
upon the user interface device, while the first indicator of the 
user is placed upon the user interface device, configured to 
determine a selection of a geometric constraint from the plu 
rality of geometric constraints in response to the second user 
interface position, configured to determine movement of the 
second indicator of the user placed upon the user interface 
device from the second user interface position to a third user 
interface position, configured to move the first three-dimen 
sional object from the first three-dimensional location to a 
second three-dimensional location, in response to the move 
ment of the second indicator and in response to a geometric 
constraint associated with the selection of the geometric con 
straint, and configured to determine a representation of a first 
three-dimensional object located at the second three-dimen 
sional location. A system may include a display coupled to the 
processor, wherein the display is configured to display the 
representation of the first three-dimensional object located at 
the second three-dimensional location at the second display 
position on the display to the user, configured to display the 
representation of the first three-dimensional object located at 
the first three-dimensional location at a first display position 
on a display to a user, and configured to display a represen 
tation of a plurality of geometric constraints associated with 
the first three-dimensional object at a plurality of display 
positions on the display to the user. 

According to various aspects of the present invention, a 
method is described. One technique includes determining a 
representation of a first three-dimensional object located at a 
first three-dimensional location, displaying the representa 
tion of the first three-dimensional object located at the first 
three-dimensional location at a first display position on a 
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8 
display to a user, and determining a first user interface posi 
tion of a first indicator of the user placed upon a user interface 
device of the computer system. A process includes determin 
ing a selection of the first three-dimensional object in 
response to the first user interface position and the first dis 
play position, displaying a representation of a plurality of 
geometric constraints associated with the first three-dimen 
sional object at a plurality of display positions on the display 
to the user, and determining a second user interface position 
ofa second indicator of the user placed upon the user interface 
device. Operations may include moving the first three-dimen 
sional object from the first three-dimensional location to a 
second three-dimensional location, in response to the second 
user interface position, wherein the first three-dimensional 
object moves over a third three-dimensional location that is 
not associated with a location associated with the first three 
dimensional location and the second three-dimensional loca 
tion, determining a representation of a first three-dimensional 
object located at the second three-dimensional location, and 
displaying the representation of the first three-dimensional 
object located at the second three-dimensional location at a 
second display position on the display to the user. 

According to various aspects of the present invention, a 
computer program product comprising a tangible medium 
including computer system executable code for a computer 
system including a processor, a memory and a display. In 
various embodiments, the computer program product 
includes code that directs a processor to determine a repre 
sentation of a first three-dimensional object located at a first 
three-dimensional location, code that directs a processor to 
display the representation of the first three-dimensional 
object located at the first three-dimensional location at a first 
display position on the display to a user, and code that directs 
a processor to determine a first user interface position of a first 
indicator of the user placed upon a user interface device of the 
computer system. The tangible medium may include code 
that directs a processor to determine a selection of the first 
three-dimensional object in response to the first user interface 
position and the first display position, code that directs a 
processor to display a representation of a plurality of geomet 
ric constraints associated with the first three-dimensional 
object at a plurality of display positions on the display to the 
user, and code that directs a processor to determine a second 
user interface position of a second indicator of the user placed 
upon the user interface device after the first indicator of the 
user is no longer placed upon the user interface device. The 
executable code may include code that directs a processor to 
move the first three-dimensional object from the first three 
dimensional location to a second three-dimensional location, 
in response to the second user interface position, wherein the 
first three-dimensional object moves over a third three-di 
mensional location that is not associated with a location asso 
ciated with the first three-dimensional location and the sec 
ond three-dimensional location, code that directs a processor 
to determine a representation of a first three-dimensional 
object located at the second three-dimensional location, and 
code that directs a processor to display the representation of 
the first three-dimensional object located at the second three 
dimensional location at a second display position on the dis 
play to the user. The tangible media may include optical 
storage media, magnetic storage media, semiconductor Stor 
age media, electrical storage media, or the like. 

According to various aspects of the present invention, a 
computer system is described. One device includes a memory 
configured to store a model of a first three-dimensional 
object. An apparatus may include a processor coupled to the 
memory, wherein the processor is configured to determine a 
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representation of the first three-dimensional object located at 
a first three-dimensional location in response to the model, 
configured to display the representation of the first three 
dimensional object located at the first three-dimensional loca 
tion at a first display position on the display to a user, config 
ured to determine a first user interface position of a first 
indicator of the user placed upon a user interface device of the 
computer system, configured to determine a selection of the 
first three-dimensional object in response to the first user 
interface position and the first display position, configured to 
display a representation of a plurality of geometric con 
straints associated with the first three-dimensional object at a 
plurality of display positions on the display to the user, con 
figured to determine a second user interface position of a 
second indicator of the user placed upon the user interface 
device after the first indicator of the user is no longer placed 
upon the user interface device, configured to move the first 
three-dimensional object from the first three-dimensional 
location to a second three-dimensional location, in response 
to the second user interface position, wherein the first three 
dimensional object moves over a third three-dimensional 
location that is not associated with a location associated with 
the first three-dimensional location and the second three 
dimensional location, configured to determine a representa 
tion of a first three-dimensional object located at the second 
three-dimensional location, and configured to display the rep 
resentation of the first three-dimensional object located at the 
second three-dimensional location at a second display posi 
tion on the display to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to more fully understand the present invention, 
reference is made to the accompanying drawings. Under 
standing that these drawings are not to be considered limita 
tions in the scope of the invention, the presently described 
embodiments and the presently understood best mode of the 
invention are described with additional detail through use of 
the accompanying drawings in which: 

FIGS. 1A-B illustrate a block diagram of a rendering sys 
tem according to various embodiments of the present inven 
tion; 

FIGS. 2A-D illustrate an example of an embodiment of the 
present invention; 

FIGS. 3A-D illustrate examples according to embodiments 
of the present invention; 

FIGS. 4A-F illustrate examples according to embodiments 
of the present invention; 
FIGS.5A-C illustrate examples according to embodiments 

of the present invention; 
FIGS. 6A-C illustrate examples according to embodiments 

of the present invention; 
FIGS. 7A-D illustrate additional examples according to 

embodiments of the present invention; and 
FIG. 8 illustrates a block diagram of a computer system 

according to various embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

FIGS. 1A-B illustrate a block diagram of a rendering sys 
tem according to various embodiments of the present inven 
tion. More specifically, FIG. 1A illustrates, a computer sys 
tem display 10 including a display surface 20 that is 
Substantially coincident with a user input Surface (sensing 
surface) 30. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
In various embodiments, a (typically) diffuse layer of 

material 40 includes a bottom surface 50 upon which a com 
puter-generated image is projected or displayed thereon, and 
a top surface 60 upon which the user contacts, FIG. 1B. In 
Such a configuration, computer system display 10 (diffuse 
layer) may be said to include both display surface 20 and 
sensing (user input) Surface 30. In other embodiments, dis 
play surface 50 may be considered as separate from user 
sensing Surface or device. 

In some embodiments of the present invention, computer 
system display 10 may be based upon a projected image using 
a computer projector 70, such as a DLP projector, an LCD 
projector, or the like. In other embodiments, other types of 
projection displays may also be used. Additionally, in other 
embodiments, the computer projector may be projected onto 
top surface 60 of the diffuse layer 40 instead of onto bottom 
surface 50. In other embodiments of the present invention, 
computer system display 10 may be based upon more con 
ventional computer system display technology including 
plasma, LCD, OLED, laser, CRT technology, or the like. 
Accordingly, the embodiments illustrated in FIGS. 1A-B 
should not be construed to be limiting. 

In various embodiments, user input device (sensing Sur 
face) 30 of computer display 10 may serve as a user input 
device. User input device senses the location of where a user 
“contacts one or more locations on sensing surface 30 with 
one or more portions of their body. In various embodiments, 
for “contacting the user must physically contact sensing 
surface 30 before computer system 90 senses the user. In 
other embodiments, the user may simply come close to sens 
ing Surface 30, but not necessarily make physical contact to 
sensing surface 30 before computer system 90 registers the 
user as making "contact.” 

In various embodiments, as illustrated in FIGS. 1A-B, 
sensing portion 30 of computer system display 10 may be 
based upon internal reflection of infrared light. In such 
embodiments, computer system display 10 includes a number 
of infrared light sources (not shown) arranged around the 
perimeter of computer system display 10, and a camera 80. 
sensitive to infrared light, is pointed at computer system 
display 10. When the user places one or more fingers, or the 
like, upon top surface 60, the contact causes a break in the 
internal reflection of the infrared light in material 40. As a 
result, camera 80 visibly detects where upon top surface 60 
the user is contacting. In other embodiments, sensing portion 
30 of computer system display 10 may be based upon resis 
tive wire technology, Surface capacitance technology, direct 
infrared technology (e.g. breaking an infrared light beam), 
other types of camera devices, or the like. Additional details 
may be found in Han, J. Y. (2005). Multi-touch sensing 
through frustrated total internal reflection. In SIGGRAPH 
05: ACM SIGGRAPH 2005 Sketches, New York, N.Y., USA. 
ACM Press, incorporated herein for all purposes. 

In various embodiments of the present invention, computer 
system 90 simultaneously determines locations on sensing 
Surface 30 where the user is contacting. In various examples, 
computer system 90 may simultaneously determine locations 
where a user places all ten fingers, where a user places their 
palms, the orientation of the contacting locations, and/or 
combinations thereof. Additionally, in various embodiments, 
computer system 90 may track these contacting locations 
with respect to time, direction, pressure, or the like. In various 
embodiments, computer system 90 my determine a user's 
direction and path of movement for contacted locations, com 
puter system 90 may determine the sequence of tap-down 
contacts to sensing Surface 30, computer system 90 may 
determine the sequence of lift-offs from sensing surface 30, 



US 8,836,646 B1 
11 

and the like. In various embodiments, computer system 90 
may use Such information to determine what functions or 
operations the user wishes to execute. 

In still other embodiments, the computer system may rec 
ognize shapes of user contacts on sensing Surface 30. For 
example, the computer system may determine that the user is 
making a 'c' shape with their hands, an 'o' shape, making a 
curved-shape, making a straight-shape, or the like. In various 
embodiments, these recognized shapes may be associated 
with any number of functions or commands, such as a dis 
placement commands, virtual camera functions, menus or 
tools commands, or the like, as described below. 

In various embodiments, an additional sensor or camera, 
not illustrated, may be positioned above sensing surface 30 or 
below sensing Surface. In various embodiments, the addi 
tional camera may be used to determine the proximity of a 
hand of the user to sensing surface 30 while not necessarily 
contacting sensing Surface 30. For example, Such an addi 
tional sensor or camera may be used to capture one or more 
images of the users hand or hands in the proximity of sensing 
surface 30. In various embodiments, the additional camera 
may be positioned such that the users hands are between the 
additional camera and sensing Surface 30. In other embodi 
ments, the additional camera or sensing device may be below 
sensing Surface 30 and capture images of the users hand (e.g. 
thermal imaging camera). 

The captured images of the additional camera or sensing 
device may be processed such that computer system 90 rec 
ognizes if the hand is the user's right hand or left hand; the 
orientation or direction that the fingers are pointed; an iden 
tification offingers on the users hand (e.g. ring finger, thumb, 
etc.); or the like. As will be described below, various embodi 
ments of the present invention use the identification of a 
particular feature of the hand (e.g. a specific finger) in com 
bination with a contacted position on sensing Surface 30, to 
perform specific functions. In various embodiments, different 
contacting fingers and different contacting positions may pro 
vide different functional results. 

In various embodiments, computer system 90 correlates 
the user contacts on sensing Surface 30 with what is being 
displayed on display Surface 20. Accordingly, the user con 
tacts may serve as one or more pointers or inputs to computer 
system 90 and display surface 20 displays options that the 
user may select. 

In various embodiments, the resolution of sensing Surface 
30 need not be as high as the display resolution of the images 
displayed on display Surface 20. As an example, the resolu 
tion of image sensor 80 may be 640x480, 800x600, 1280x 
1024, or the like, whereas the display resolution of projector 
70, for example, may be 1280x1024, 1280x720, 1600x1200, 
1920x1080, or the like. In other embodiments, the resolution 
of sensing surface 30 may be similar to the display resolution. 

FIGS. 2A-D illustrate examples according to various 
embodiments of the present invention. In various embodi 
ments, within a three-dimensional animation environment, 
the positioning of a virtual camera may be controlled by the 
user. More specifically, FIG. 2A illustrates an image 100 as 
captured from the view point of a virtual camera viewing a 
three-dimensional scene 140. As can be seen, a number of 
virtual objects 110 are illustrated within this animation envi 
rOnment. 

As illustrated in FIG. 2A, an indicator 120 is displayed on 
image 100. In various embodiments, indicator 120 provides 
visual feedback as to where the user is contacting on sensing 
surface 30, as it correlates to image 100. In other embodi 
ments, other shapes may be used to visually indicate the 
correlated location, such as a triangle, a halo, an “X”, a 
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number, a letter, or the like. In other embodiments, visual 
feedback may not be provided to the user. In Such cases, it 
may be assumed that the user is aware of where they are 
contacting, thus no further visual indication may be neces 
sary. In some cases an audio, vibration, or other sensory 
output may be used in conjunction with visual feedback or in 
various combinations thereof, or may be used instead of 
visual feedback. 

In the example in FIG.2B, the user moved their hand to the 
right to indicator 130 on sensing surface 30, while maintain 
ing contact with sensing Surface 30. In other embodiments, 
the user need not maintain constant contact, but simply reach 
a threshold of contact in order for computer system 90 to 
conclude that constant contact was intended by the user. For 
example when moving from indicator 120 to indicator 130, if 
the user's finger maintains contact for over a threshold (e.g. 
75%, 80%, 90%, or the like), computer system 90 may con 
clude that the motion was intended to be continuous. 

In various embodiments of the present invention, in 
response to the movement of the user's finger, computer 
system 90 moves the position of the virtual camera with 
respect to scene 140. More specifically, in various embodi 
ments, a vertical axis of rotation 125 is defined for scene 140, 
and in response to the user's movement, the virtual camera is 
moved with regards to the axis of rotation. In the specific 
example in FIG.2B, as the user moves their finger to the right, 
the virtual camera is rotated about the axis of rotation, 
counter-clockwise, and as the user moves their finger to the 
left, the virtual camera is rotated, clockwise, or Vice-versa. 
Scene 140 is then re-rendered as image 150, and displayed to 
the user. 

In the example in FIG. 2C, the user has moved their hand to 
downwards to indicator 160 on sensing surface 30, while 
maintaining contact with sensing Surface 30. Similar to the 
above, the user need not maintain constant contact, but simply 
reach a threshold of contact in order for computer system 90 
to conclude that constant contact was intended by the user. 

In various embodiments of the present invention, in 
response to this movement of the user's finger, computer 
system 90 moves the position of the virtual camera with 
respect to scene 140. More specifically, in various embodi 
ments, a horizontal axis of rotation 165 is defined perpendicu 
lar to the virtual camera for scene 140. In response to the 
user's movement, the virtual camera is moved or elevated 
with regards to the horizontal axis of rotation. In the specific 
example in FIG. 2C, as the user moves their finger down 
wards, the virtual camera is moved upwards in scene 140 
about the axis of rotation, and as the user moves their finger 
upwards, the virtual camera is moved downwards in scene 
140 about the axis of rotation, or vice-versa. At the new 
location for the virtual camera, scene 140 is then re-rendered 
as image 170, and displayed to the user. 
As illustrated in FIG. 2D, the virtual camera may be moved 

about both a vertical axis of rotation and a horizontal axis of 
rotation, based upon the movement of the user's finger. As can 
be seen in FIG. 2D, the user has moved their finger from 
indicator 120, diagonally to indicator 180. In response, the 
virtual camera is moved counter-clockwise within scene 140 
and the virtual camera is moved upwards. 

In other embodiments of the present invention, the axis of 
rotation may also be defined by the user. For example, the user 
may select an object from scene 140, such as object 190, as an 
object in interest. By doing so, the vertical and horizontal axes 
of rotation may be within or near object 190. Then, as the user 
moves their finger about sensing Surface 30, the virtual cam 
era roughly maintains object 190 within its center region. 
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FIGS. 3A-D illustrates examples according to various 
embodiments of the present invention. In various embodi 
ments, within a three-dimensional animation environment, 
further positioning of a virtual camera may be controlled by 
the user. More specifically, FIG. 3A illustrates an image 200 
as captured from the view point of a virtual camera viewing a 
three-dimensional scene 240. As can be seen, a number of 
virtual objects 210 are illustrated within this animation envi 
rOnment. 

As illustrated in FIG. 3A, indicators 220 and 225 are is 
displayed on image 200. In various embodiments, indicators 
220 and 225 (or other shapes) again provide visual feedback 
as to where the user is contacting on sensing Surface 30, as it 
correlates to image 200. In various examples, indicators 220 
and 225 may indicate where two fingers of one hand of the 
user are contacting sensing Surface 30, where one finger of 
each hand of the user are contacting sensing Surface 30, or the 
like. 

In the example in FIG. 3B, the user has maintained the 
contacts of the fingers, and has moved the fingers apart. 
Accordingly, indicator 220 has moved to indicator 230, and 
indicator 225 has moved to indicator 235. As above, the user 
need not maintain constant contact in order for computer 
system 90 to conclude that constant contact was intended by 
the user. 

In various embodiments of the present invention, in 
response to the movement of the user's fingers, computer 
system 90 moves the position of the virtual camera with 
respect to scene 240. More specifically, in various embodi 
ments, the position of the virtual camera is moved “towards' 
scene 240. In various embodiments, the virtual camera may 
move forwards along an optical axis of the virtual camera, and 
the tilt and/or pan of the virtual camera are not changed. In 
other embodiments, similar to the examples in FIGS. 2A-D, a 
horizontal axis of rotation perpendicular to the virtual cam 
era, oran object in interest may be defined. In Such examples, 
as the placement of the virtual camera moves towards scene 
240, tilt and pan parameters of the virtual camera may also be 
modified. Scene 240 is then re-rendered as image 250, and 
displayed to the user. 

In the example in FIG. 3C, the user has moved their fingers 
together on sensing surface 30 to the illustrated locations: 
indicator 260 and indicator 265, while maintaining contact 
with sensing surface 30. 

In various embodiments of the present invention, in 
response to the movement of the user's fingers, computer 
system 90 moves the position of the virtual camera with 
respect to scene 240. More specifically, in various embodi 
ments, the position of the virtual camera is moved “away” 
from scene 240. In various embodiments, the virtual camera 
may move backwards along an optical axis of the virtual 
camera, while maintaining the same virtual camera tilt and/or 
pan, and in other embodiments, the tilt and pan parameters of 
the virtual camera may be modified. Scene 240 is then re 
rendered as image 270, and displayed to the user. 

In the example in FIG. 3D, the user has moved their fingers 
downwards to the illustrated sensing surface 30 locations 
indicator 280 and indicator 285, while maintaining contact 
with sensing surface 30. 

In various embodiments of the present invention, in 
response to the movement of the user's fingers, computer 
system 90 moves the position of the virtual camera with 
respect to scene 240. More specifically, in various embodi 
ments, the position of the virtual camera is moved “forward 
in scene 240 while maintaining the elevation. In other words, 
the position of the virtual camera is moved forward, parallel 
to the ground plane of scene 240. This may be in contrast to 
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14 
the examples in FIGS. 3B and 3C, where the elevation of the 
virtual camera is illustrated as changing. In various embodi 
ments, the tilt and/or pan of the virtual camera are not 
changed. However, in other embodiments, similar to the 
examples in FIGS. 2A-D, a horizontal axis of rotation per 
pendicular to the virtual camera, or an object in interest may 
be defined. In such examples, as the placement of the virtual 
camera moves forward in scene 240, the tilt and pan param 
eters of the virtual camera also change. As above, Scene 240 
may then be rendered given the new position of the virtual 
camera, and then displayed to the user. 

In various embodiments, as the user moves their two fin 
gers upwards on sensing Surface 30, the position of the virtual 
camera is moved “backwards' in scene 240, while also main 
taining the elevation parallel to the ground plane. In various 
embodiments, the tilt and/or pan of the virtual camera may or 
may not change, similar to the above, depending upon spe 
cific user or engineering preference. 

Similarly, in various embodiments, as the user moves their 
two fingers left or right on sensing Surface 30, the position of 
the virtual camera may be moved left or right in scene 240. In 
various embodiments, this may be different from the embodi 
ments discussed in FIG.2C, as the tilt and/or pan of the virtual 
camera may not change. Thus, for example, as the user moves 
their two fingers to the right, the position of the virtual camera 
is shifted, laterally, to the left; as the user moves to the left, the 
position of the virtual camera is shifted, laterally, to the right, 
or vice versa. As above, scene 240 may then be rendered given 
the new position of the virtual camera, and then displayed to 
the user. 

Instill other embodiments of the present invention, the user 
may move one of the fingers upwards or downwards with 
respect to each other. As examples, the user may move a left 
finger downwards or upwards while the right finger moves 
upwards or remains stationary, or the user may move a right 
finger downwards or upwards while the left finger moves 
upwards or remains stationary. In various embodiments, 
based upon these relative movement directions, the virtual 
camera position may again be modified. In the present 
example, a roll parameter of the virtual camera about an 
optical axis of the virtual camera is modified. For example, if 
the left finger moves upwards relative to the right finger, the 
virtual camera may rotate clockwise about its optical axis, 
and as the right finger moves upwards relative to the left 
finger, the virtual camera may rotate counter-clockwise about 
its optical axis; or vice versa. In Such embodiments, the Vir 
tual camera may maintain is height over a ground plane of 
scene 240. In other embodiments, the user may specify a 
different axis of rotation, or scene 240 may have a pre-defined 
axis of rotation for the present manipulation. Accordingly, the 
virtual camera would rotate about this defined axis of rota 
tion, and the height of the virtual camera would most likely 
change. 

In still other embodiments, degrees of motion of the virtual 
camera within the three-dimensional scene may be specified 
independently by the user, based upon the user input. For 
example, pan, tilt, and height, may be separately specified, 
and/or independent of an axis-of rotation within scene 240. In 
other embodiments, the placement of the virtual camera may 
be specified in other ways, such as with placement of three 
user fingers on sensing Surface 30 and movement of the three 
user fingers, or the like. 

In various embodiments of the present invention, it should 
be understood that the virtual camera may refer to settings 
used to determine the image as viewed by the viewer on 
computer display 10. Accordingly, the virtual camera need 
not refer to a virtual camera that is used as a basis for render 
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ing final images. Instead, the virtual camera may be used as a 
basis of image visualization for a wide variety of purposes. 

FIGS. 4A-F illustrates examples according to various 
embodiments of the present invention. In various embodi 
ments, within a three-dimensional animation environment, 
the positioning of select objects may be controlled by the user. 
More specifically, FIG. 4A illustrates an image 300 of a scene 
340 as captured from the view point of a virtual camera. As 
can be seen, a number of virtual objects, such as virtual object 
310 are illustrated within this animation environment. 
As illustrated in FIG. 4A, an indicator 320 is displayed on 

image 300. In various embodiments, indicator 320 provides 
visual feedback as to where the user is contacting on sensing 
surface 30, as it correlates to image 300. In the present case, 
the user has selected object 310. In other embodiments, other 
visual feedback may be provided, or no visual feedback may 
be provided. 

In various embodiments, similar to the examples in FIGS. 
2A-D, the user may reposition the position of virtual object 
310 to a certain extent, within the three-dimensional environ 
ment, using a single finger. For example, the position of 
virtual object 310 may be moved around the center of the 
three-dimensional scene, similar to FIG. 2B, or moved 
upwards above or downwards in the three-dimensional Scene, 
similar to FIG. 2C, or combinations thereof, similar to FIG. 
2D. In other embodiments, using a single finger, virtual object 
310 may be moved around the three-dimensional environ 
ment at a fixed distance from the ground plane. In Such 
embodiments, by constraining one dimension (distance from 
the ground plane), in most cases, when the user contacts 
sensing surface 300, a unique position for virtual object 310 
can be determined. 

In other embodiments, the user may use more than one 
finger to manipulate virtual object. In various embodiments, 
the user may use a second finger to contact sensing Surface 30, 
and then move the fingers towards or away from each other. In 
response, the size of virtual object may increase or decrease, 
respectively, within the three-dimensional environment. In 
other embodiments, moving the fingers towards or away from 
each other may vary the height of virtual object 310 with 
respect to the ground plane or other geometric feature within 
the three-dimensional Scene. 

Further, in various embodiments, by moving two fingers 
upwards or downwards on sensing Surface 30, virtual object 
310 may be moved closer to the virtual camera or further 
away from the virtual camera. Other possible operations may 
include: by moving two fingers to the left or right on sensing 
surface, virtual object 310 may be moved towards the user's 
left or user's right; and combinations thereof. Still further, in 
various embodiments, by moving one finger relative to the 
other upwards or downwards, virtual object 310 may rotate 
about an axis of rotation. The axis of rotation may be the 
optical axis of the virtual camera, an axis defined between the 
center of virtual object 310 and the location of the virtual 
camera in the three-dimensional environment, or other 
defined axis. 

In various embodiments, as illustrated in FIG. 4B, once the 
user has selected virtual object 310, a number of geometric 
constraint indicators 330 may also be displayed to the user. In 
the present example, geometric constraints indicators 330 
illustrate the three primary coordinates (e.g. x, y, Z, r, theta, 
rho; or the like) for scene 340. In other embodiments, con 
straints may be orthogonal coordinates with respect to the 
optical axis of the virtual camera (i.e. where the camera is 
pointed); constraints may be based upon the object, itself, or 
other objects in the virtual 3D environment; or the like. 
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In the example in FIG. 4B, three primary coordinate axis 

are represented by lines, although in other embodiments, 
other types of indicators may be used. For example, large 
icons may be visually connected to the primary coordinate 
lines making it easier for the user to discriminate between the 
primary coordinate lines and making it easier for the user to 
make a selection. In other embodiments of the present inven 
tion, other types of geometric constraints are contemplated. 
As illustrated in FIG. 4B, indicators 320 and 325 are dis 

played on image 300. In various embodiments, indicators 320 
and 325 (or other shapes) again provide visual feedback as to 
where the user is contacting on sensing Surface 30, as it 
correlates to image 300. In various examples, indicators 320 
and 325 may indicate where two fingers of one hand of the 
user are contacting sensing Surface 30, where one finger of 
each hand of the user are contacting sensing Surface 30, or the 
like. 

In FIG. 4B, indicator 320 indicates the user selection of 
object 310 and indicator 325 indicates a user selection of one 
of geometric constraint indicators 330. As will be illustrated 
below, the user selection of a geometric constraint constrains 
the geometric position of object 310 in response to further 
user input. In FIG. 4B, the selected geometric constraint is a 
horizontal axis of a coordinate system of the virtual three 
dimensional environment. 
As illustrated in FIG. 4C, the user has maintained the 

contact (or Substantial contact) of the fingers, and has moved 
the fingers to the left indicator 320 has moved to indicator 
350, and indicator 325 has moved to indicator 355. As can be 
seen, in response to the movement of the user's fingers, com 
puter system 90 moves the position of object 310 within scene 
340 towards the user's left, to where indicator 350 is located. 
In this example, the position of object 310, is constrained 
along the selected geometric constraint (i.e. horizontal axis) 
of the three-dimensional scene, as can be verified by referring 
to the underlying grid. 
As illustrated in FIG. 4D, the user has maintained the 

contact (or Substantial contact) of the fingers, and has moved 
the fingers to the right, moving indicator 320 to indicator 360 
and indicator 325 to indicator 365. As can be seen, in response 
to the movement of the user's fingers, computer system 90 
moves object 310 towards the user's right, to where indicator 
360 is located. In this example, the position of object 310 is 
also constrained along the selected horizontal axis of the 
three-dimensional scene. 

In various embodiments of the present invention, geomet 
ric constraints 330 of FIG. 4B may also be associated with 
rotations about the primary coordinate axes of scene 340, 
about coordinate axes of the virtual camera, about coordinate 
axes of the object, or other objects in the virtual 3D environ 
ment; or the like. 
As illustrated in FIG. 4E, the user has maintained the 

contact (or Substantial contact) of the fingers, and has moved 
the fingers to the downwards, moving indicator 320 to indi 
cator 370 and indicator 325 to indicator 375. As can be seen, 
in response to the movement of the user's fingers, computer 
system 90 rotates object 310 forwards, towards the user. In 
this example, object 310 is also constrained to be rotated 
along the selected horizontal axis of the three-dimensional 
scene. Of course upwards movements of the user's fingers 
may be associated with a rotation away from the user along 
the horizontal axis, or vice versa. Accordingly, as can be seen, 
for a geometric constraint Such as a geometric axis, an object 
may be constrained to move along the geometric axis, rotated 
about the geometric axis, or a combination thereof (e.g. an 
axis move and a rotation). 
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In various embodiments, by removing the user's second 
finger from sensing Surface 30, the geometric constraint is 
released. Further, as the user removes their first finger from 
contacting sensing Surface 30, the object is de-selected, as 
illustrated in FIG. 4F. 

FIGS. 5A-C illustrates examples according to various 
embodiments of the present invention. More specifically, 
FIGS. 5A-C illustrate the selection of simultaneous geomet 
ric constraints. Similar to FIG. 4B, above, once the user has 
selected virtual object 510, shown by indicator 520, a number 
of geometric constraint indicators 530 may be displayed to 
the user. In the present example, geometric constraints indi 
cators 530 illustrate the three primary coordinates (e.g. x, y, z; 
r, theta, rho; or the like) for scene 540, although in other 
embodiments, constraints may be orthogonal coordinates 
with respect to the optical axis of the virtual camera (i.e. 
where the camera is pointed); constraints may be based upon 
the object, itself, or other objects in the virtual 3D environ 
ment; or the like. 

In the example in FIG. 5A, three primary coordinate axis 
are represented by lines, although in other embodiments, 
other types of indicators may be used. Additional icons may 
be used for geometric constraint indicators 530, for the user's 
convenience. 

In the example in FIG. 5B, the user places two more fingers 
upon sensing surface 30, as illustrated by indicators 525 and 
527 on image 500. Similar to the above, the indicators provide 
visual feedback as to where the user is contacting on sensing 
surface 30, as it correlates to image 500. In various examples, 
indicators 520, 525, and 527 may indicate where three fingers 
of one hand of the user are contacting sensing Surface 30, 
where two fingers of one hand and one finger of the other hand 
of the user are contacting sensing Surface 30, or the like. 

In the example in FIG. 5B, indicators 525 and 527 indicate 
the user selection of two of geometric constraint indicators 
530. In FIG. 5B, the selected geometric constraints are geo 
metric axes of the virtual 3D environment and define a verti 
cal plane 545 within the virtual 3D environment. In other 
embodiments, virtual object 510 may be constrained to any of 
three geometric planes within the virtual 3D environment, or 
the like. 

In FIG. 5C, the user has maintained the contact (or sub 
stantial contact) of the fingers, and has moved the fingers to up 
and to the user's right—e.g. indicator 520 has moved to 
indicator 550, indicator 525 has moved to indicator 555, and 
indicator 527 has moved to indicator 557. In this example, the 
positions of the other fingers, specifying the geometric con 
straints is not shown, for convenience. As can be seen, in 
response to the movement of the user's fingers, computer 
system 90 moves the position of object 510 within scene 540 
within vertical plane 545 upwards and to the user's right, to 
where indicator 550 is located. In various embodiments, by 
removing the user's second and third fingers from sensing 
Surface 30, the geometric constraints are released. 

In additional embodiments of those illustrated in FIGS. 
4A-F and FIGS. 5A-C, the user may lift-off various fingers 
from sensing Surface 30 during the respective operations. 
This may be convenient for the user, instead of requiring the 
user to maintain contact of all fingers. In various embodi 
ments, the fingers that remain in contact with sensing Surface 
30 are considered by computer system 90 as a priority selec 
tion by the user. For example, in FIG. 4B, if the user removes 
their second finger associated with indicator 325 from sens 
ing surface 30, object 310 remains selected. In contrast, if the 
user removes the first finger associated with indicator 320, the 
selected geometric constraint remains. Accordingly, when the 
user moves their second finger about sensing Surface 30, 
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object 310 moves, but is constrained to moving along the 
horizontal axis, similar to FIGS. 4C and 4D, or is constrained 
to rotating along the horizontal axis, similar to FIG. 4E. In the 
example in FIG. 5B, the user may remove their first finger 
associated with indicator 520, and maintain contact with their 
second and third fingers. Accordingly, when the user moves 
their second and third finger about sensing surface 30, object 
510 moves, but is constrained to moving along the vertical 
plane. 

In various embodiments, the order in which the user lifts 
off their fingers is associated with whether a geometric con 
straint is “permanent' (maintained after a finger lift-off) or 
temporary (not maintained after a finger lift-off). As an 
example, referring back to the example in FIG. 4B, if a user 
lifts-off their first finger (indicator 320) while maintaining 
their second finger (indicator 325), the selected geometric 
constraint is “permanent.” Later, when the user lifts-off their 
second finger (indicator 325), object 310 is de-selected. Sub 
sequently, when the user re-selects object 310 with their first 
finger, the geometric constraint is automatically reapplied, 
even though the user has not placed their second finger on 
sensing Surface 30. Accordingly, under the geometric con 
straint, the user manipulation of object 310 will be con 
strained to movement along the horizontal-axis or rotation 
around the horizontal-axis, in this example. In various 
embodiments, a visual indicator may be displayed to the user 
to indicate that a geometric constraint is currently “perma 
nent.” As an example, an object with “permanent' geometric 
constraints may be highlighted in red, while non-selected 
geometric constraints may be blue, or the like. 
As another example, referring to the example in 5B, to 

make the vertical geometric constraint “permanent, the user 
removes their first finger (indicator 520) while maintaining 
the second and third fingers (indicators 525 and 527). Later, 
the user lifts-off their second finger and third fingers, and 
object 510 is de-selected. Subsequently, when the user re 
selects object 510 with their first finger, the vertical plane 
geometric constraint is automatically reapplied, even though 
the user has not placed their second or third fingers on sensing 
Surface 30. 

In various embodiments, to release a “permanent geomet 
ric constraint, the user may select the geometric constraint 
with their second finger while maintaining the contact of the 
first finger with sensing surface 30. Then, the user lifts-off 
their second finger, before lifting-off the first finger from 
sensing surface 30. In response, computer system 90 removes 
any "permanent' geometric constraints. In other embodi 
ments, a user may simply select the object and tap on the 
object to release “permanent constraints. As can be seen, the 
order of finger lift-offs may be used by computer system 90 
for various purposes. 

FIGS. 6A-C illustrates additional examples according to 
various embodiments of the present invention. In various 
embodiments, a high speed method for repositioning objects 
within a three-dimensional animation environment is 
enabled. 

In FIG. 6A, an image 600 of a scene 640 as captured from 
the view point of a virtual camera viewing a three-dimen 
sional scene. As can be seen, a number of virtual objects. Such 
as virtual object 610 are illustrated within this animation 
environment. As illustrated in FIG. 6A, an indicator 620 is 
displayed on image 600 to provide a user with visual feedback 
as to where the user is contacting on sensing Surface 30. 

In various embodiments, as illustrated in FIG. 6B, once the 
user has selected virtual object 610, the user may select a 
second point on image 600, such as indicator 630. In various 
embodiments, because sensing Surface 30 may be large (e.g. 
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40" inches diagonal, 72" diagonal, or the like), the inventors 
have recognized that dragging the user's finger across a large 
display to move objects may be burdensome. Accordingly, in 
various embodiments, a user could use fingers of separate 
hands to contact sensing Surface 30. For example, indicator 
620 may be associated with the user's right hand, and indi 
cator 630 may be associated with the user's left hand. 

Next, as illustrated in FIG. 6C, as the user releases their 
right hand, this causes indicator 620 to disappear, and virtual 
object 610 is automatically moved (e.g. “teleported to indi 
cator 630. In various embodiments, virtual object 610 main 
tains its positioning with respect to the ground plane. This 
functionality would be similar to the user defining a horizon 
tal plane constraint for an object, as described above, with 
three fingers, and dragging the three fingers all the way from 
indicator 620 to indicator 630. Requiring the user to maintain 
contact and drag their figures may be considered unwieldy or 
difficult for some users to do. Accordingly, embodiments of 
the present invention, described above may provide a user 
with this movement capability without being difficult to use. 
As can be seen in FIGS. 6A-C, the present embodiments 
allow the user to very efficiently reposition virtual objects 
within the three-dimensional animation environment. 

In other embodiments of the present invention, a user may 
select an object by contacting sensing Surface 30 with their 
finger or the like. The user may then quickly move their finger 
in a selected direction and break the contact of their finger 
with sensing surface 30. To the user, the object will appear to 
be thrown in the virtual environment in the selected direction. 
In various embodiments, the user may then contact the same 
or different finger on sensing surface 30 in the general direc 
tion where the object is thrown. In response, to the contact, the 
object may be Snapped to or caught by the other finger contact 
position on sensing Surface 30. In various embodiments of the 
present invention, a second contact location on sensing Sur 
face 30 need not be specified. In such embodiments, a pre 
defined or default destination for the object may be specified. 
For example, a user may virtually throw an object off the right 
edge of sensing Surface 30, thereby automatically deleting the 
object from the working environment; the user may virtually 
throw the object off the left edge of sensing surface 30, 
thereby requesting an updated version of the object to be 
retrieved from memory; the user may virtually throw the 
object off the bottom edge of sensing Surface, thereby putting 
the object in a queue; or the like. In various embodiments, any 
number of operations may be performed in response to the 
object being caught at various locations or moving off the 
edge of sensing Surface 30, Such as storing the object, deleting 
the object, moving the object, executing a program using the 
object as input data, e-mailing the object, faxing the object, 
transmitting the object over a network, time stamping the 
object or the like. 

FIGS. 7A-D illustrate various embodiments of the present 
invention. More specifically, these figures illustrate novel 
graphical user interface techniques that reduce typical com 
puter display interface clutter. Screen clutter is often a prob 
lem with highly complex Software, as functional menus, tool 
bars, pallets, tear-off menus, and the like, disadvantageously 
reduce the actual working space. Typical complex Software 
may include three-dimensional animation Software (e.g. 
Maya), two-dimensional paint programs (e.g. Photoshop), 
office productivity programs (e.g. Word), or the like. 

Various embodiments of the present invention are illus 
trated in FIG. 7A. FIG. 7A includes a number of positions 710 
in image 700 that represent portions of a user's hand contact 
ing sensing surface 30. More specifically, a position 720 is 
associated with a palm, positions 730-760 are associated with 
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fingers, and position 770 is associated with the thumb of the 
user. In various embodiments, beforea hand of a user contacts 
sensing Surface 30, the hand may be recognized as a hand. In 
Such cases, when the user makes contact, the system is ready 
to process the inputs, as described below. 

In various embodiments, computer system 90 includes a 
number of positional patterns that are associated with differ 
ent types of commands, menus, or the like. For example, 
computer system 90 may recognize positions 710 (a left 
hand) as being associated with a first type of commands, Such 
as file menu commands, e.g. open, close, save, print, and the 
like. Further, computer system 90 may recognize positions of 
a right hand as being associated with a second type of com 
mands, such as edit-type commands, e.g. cut, copy, paste, 
paste-special, and the like. As still another example, computer 
system 90 may recognize positions 780, in FIG. 7B, as being 
associated with a third type of commands, such as select 
menu commands, e.g. select all, deselect, reselect, inverse, 
grow, and the like. In light of the present disclosure, one of 
ordinary skill in the art would recognize that many other 
combinations, types, orientations, or the like of positions may 
be defined and be associated with any number of commands, 
menus, or the like. 

In the example in FIG. 7A, computer system 90 determines 
that positions 710 are associated with a file-type commands. 
In response, a number of commands, or sub-menus are 
retrieved and displayed to the user. More specifically, func 
tional commands or Sub-menus are associated with an icon 
that may include images and/or text, and are displayed on 
computer system display 10. In FIG. 7A, for example, icon 
790 is associated with a new file command, icon 800 is asso 
ciated with a open file command, icon 810 is associated with 
a close command, icon 820 is associated with a save com 
mand, or the like. In various embodiments, the menu icons, 
Sub-menu icons, or the like can be determined and/or 
retrieved in memory before the user makes any contact with 
sensing Surface 30. 

In the example in FIG.7C, computer system 90 determines 
that positions 835 are associated with object alignment type 
commands. In response, a number of icons representing com 
mands, or Sub-menus are retrieved and displayed to the user. 
More specifically, in FIG. 7C, for example, icon 840 is asso 
ciated with align left command, icon 850 is associated with an 
align top command, icon 860 is associated with a align bot 
tom command, icon 870 is associated with an align right 
command, icon 880 is associated with an align center com 
mand, or the like. 

In other embodiments of the present invention, icons may 
be represented by Sub-menus. Accordingly, a user may select 
a first icon on the display, and in response computer system 90 
displays another set of icons associated with the same posi 
tions. As an example, a first set of icons related to view menu 
icons, such as normal view, layout view, Zoom view, and 
toolbars are associated with icon positions 850-880. When 
the user selects the toolbars icon, another list of icons are then 
displayed to the user. As an example, the new icons may 
include a standard toolbar, a drawing toolbar, a materials 
toolbar, and the like and will be associated with icon positions 
850-870, or the like. The user may then have a material 
toolbar pop-up by selecting the icon 870. 

In other embodiments of the present invention, the menu 
commands may be used to enable a user to set-up their work 
ing environment preferences, or the like. For example, one 
finger is associated with an animation environment command 
mapping, a second figure is associated with a rigging envi 
ronment command mapping, and the like. In various embodi 
ments, it is contemplated that a user may switch back and 
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forth between command mappings by invoking the appropri 
ate menu user interface and selecting the appropriate finger. 
As can be seen in FIGS. 7A-7C, the placement of the icons 

depend upon the geometry of the user's hand, for example. As 
examples, for a user with large hands, the displayed icons 
would be placed further away from the position of the user's 
palm, than for a user with Smaller hands. As another example, 
if a user has different hand geometry, e.g. crooked or short 
fingers, as illustrated in FIG. 7D, the icons will still be dis 
played above their fingers compared to a user with Straight 
fingers, as illustrated in FIG. 7C. 

In various embodiments of the present invention, many 
different ways for a user to select a functional icon are con 
templated. For example, with regards to FIG. 7A, a user may 
user their other hand to select a location between any two 
fingers to select one of icons 790-820. In this example, the 
regions between the fingers can serve as selection regions. In 
other examples, these regions may project beyond positions 
730-770, making it easier for the user to select a specific 
functional icon. 

In other examples, as illustrated in FIG. 7C, a user may 
select one of icons 840-880 in a number of ways. In some 
embodiments, the user uses a finger of their other hand to 
select the functional icon desired. In other embodiments, the 
user may lift-off and/or tap the finger associated with the 
desired icon. In still other embodiments, the user may lift-off 
all fingers while maintaining the finger associated with the 
functional icon desired. Other ways to indicate user selection 
may also be used. Such as through Voice command, or the like. 

In other embodiments, computer system 90 recognizes 
positions associated with the user placing only their palm on 
sensing surface 30. In response, menu icons may be retrieved 
and placed where it is expected that fingers would be placed 
upon sensing Surface. Then, to select one of the icons, the user 
may simply place a finger upon the desired icon. 
As mentioned above, in various embodiments of the 

present invention, when the hand of the user is in proximity of 
sensing Surface (with or without contact), computer system 
90 may determine that proximity. In various embodiments, an 
additional image or sensing device may be placed between 
the user's hand and sensing Surface 30, or underneath sensing 
Surface 30 and capturing images of the user's hand. Based 
upon the image or sensing device, in various embodiments, 
computer system 90 may determine which hand(s) of the user 
are proximate to sensing Surface 30, the orientation of user's 
hands (e.g. pointed left, right), the identity of the fingers, or 
the like. 

In various embodiments of the present invention, the user 
may hover their hand above sensing surface 30 without con 
tacting sensing Surface 30. In response, computer system 90 
may identify one or more the fingers (e.g. thumb, pointer, 
pinky). Next, the user may contact one of their fingers to 
sensing surface 30. Since computer system 90 can identify 
each of the fingers of the hovering hand, it may also identify 
which finger is used to contact sensing surface 30. For 
example, computer system may determine that the user used 
their ring finger to contact sensing Surface 30, the user used 
their thumb, or the like. Based upon which finger contacts 
sensing Surface 30, computer system 90 may perform a spe 
cific function. 

In various embodiments of the present invention, when the 
user hovers their hand over sensing surface 30, a number of 
menu commands are associated with the user's fingers in the 
memory of computer system 90. Then, based upon which 
finger the user contacts sensing Surface 30, the corresponding 
menu command may be performed. As an example, referring 
to FIG. 7B, the user need not contact their hand to sensing 
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surface 30, as illustrated in positions 780. Additionally, the 
functional commands illustrated, e.g. select all, de-Select, 
re-select, etc. need not be displayed on sensing Surface 30. In 
Such embodiments, when the user contacts their pointerfinger 
to sensing Surface 30, in this example, the inverse commandis 
performed. In various embodiments, it is envisioned that a 
user may be familiar with the commands associated with 
fingers, thus display of the menu commands, or the like need 
not be performed. 

In various embodiments of the present invention, the loca 
tion the user contacts upon sensing Surface 30 may also be 
used to determine the function performed. In various 
examples, as a user hovers their hand, or the like, above 
sensing Surface 30, computer system 90 again recognizes the 
hand and logically assigns fingers of the hand to particular 
commands. As an example, a pointer finger is logically 
assigned a delete command, a thumb is logically assigned a 
duplicate command, and a middle finger is logically assigned 
with an application program. In operation, the user my con 
tact their finger upon sensing Surface 30, and in response, 
computer system 90 recognizes the contact location as a 
portion of an object in two-dimensional or three-dimensional 
space. Accordingly, if the contactfinger on sensing Surface 30 
is the thumb, the object will be duplicated; if the contact 
finger on sensing Surface 30 is the pointer finger, the object 
will be deleted; if the contact finger on sensing surface is the 
middle finger, an application program will be executed using 
the object as a data source (e.g. an input data file); and the like. 
In another example, for a right hand, if the contact finger on 
sensing Surface 30 is a first finger, a three-dimensional object 
may be constrained to rotate along a vertical axis as the first 
finger is moved; if the contact finger is a second finger, the 
three-dimensional object may be constrained to rotate along a 
first horizontal axis as the second finger is moved; if the 
contact finger is a third finger, the three-dimensional object 
may be constrained to rotate along a second horizontal axis as 
the third finger is moved; if the if the contactfinger is a fourth 
finger, the three-dimensional object may be constrained to 
move parallel to a ground plane as the fourth finger is moved; 
if the if the contact finger is a fifth finger, the three-dimen 
sional object may be constrained to move vertically, perpen 
dicular to a ground plane as the fifth finger is moved; addi 
tionally, or alternatively, for the left hand, if the contactfinger 
on sensing Surface 30 is a first finger, the object may be 
deleted or pushed away from its current position; if the con 
tact finger is a second finger, the model of the three-dimen 
sional object may be reverted to a saved version; if the contact 
finger is a third finger, the object may be grouped with other 
objects; if the if the contact finger is a fourth finger, specific 
properties of the three-dimensional object may displayed to 
the user (e.g. associated Surface properties, object version, 
modified geometric parameters, animation variables, or the 
like); if the if the contact finger is a fifth finger, a specific 
window may be opened from which a user may edit the 
three-dimensional object (e.g. manipulate values for anima 
tion variables graphically, via numeric entry, or the like). In 
various embodiments, definition of the “first,” “second, 
“third” or the like fingers may be arbitrary, and need not map 
linearly to any ordering of fingers of the user's hand. As an 
example of this, a “first finger may be a right hand ring 
finger, a “second finger may be a left hand thumb, a “third 
finger may be right hand thumb, or the like. In light of the 
present disclosure, one of ordinary skill in the art will recog 
nize a wide variety of functionality that is now enabled 
through the combination with contact location of sensing 
surface 30, and the finger or fingers of the user that perform 
the contacting. Additionally, in light of the present disclosure, 
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one of ordinary skill in the art will recognize that embodi 
ments of the present invention may be applied to enhance any 
graphical user interface (two-dimensional, three-dimen 
sional) of any other computing device (e.g. PDA, Smart 
phone, internet device, digital television, kiosk, desktop com 
puter, portable computing device, or the like). 

In other embodiments of the present invention, a user may 
select an icon, menu item, link, web page, or the like, by 
contacting sensing Surface 30 with their finger or the like. 
Similar to the above object movement, described above, the 
user may then quickly move their fingerina selected direction 
and break the contact of their finger with sensing surface 30. 
To the user, a iconic representation of the selected icon, menu 
item, link, web page, or the like will appear to be thrown in the 
virtual environment in the selected direction. In various 
embodiments, the user may then contact the same or different 
finger on sensing Surface 30 in the general direction where the 
object is thrown (e.g. a folder icon, a garbage can icon). In 
response, to the contact, the object may be Snapped to or 
caught by the other finger contact position on sensing Surface 
30. In various embodiments of the present invention, a second 
contact location on sensing Surface 30 need not be specified. 
In such embodiments, a predefined or default destination for 
the object may be specified. For example, a user may virtually 
throw an a web page to off the right edge of sensing Surface 
30, thereby automatically saving the web page to a bookmark 
folder; the user may virtually throw the object off the left edge 
of sensing Surface 30, thereby saving the image in a pictures 
folder; the user may virtually throw the object towards a 
folder icon appearing on sensing Surface 30, thereby creating 
a.pdf image of a web page, document, or the like and storing 
the image: or the like. 

FIG. 8 is a block diagram of typical computer system 800 
according to various embodiment of the present invention. In 
various embodiments, computer system 800 typically 
includes a monitor 810, computer 820, a keyboard 830, a user 
input device 840, a network interface 850, and the like. 

In the present embodiment, user input device 840 is typi 
cally embodied as a computer mouse, a trackball, a track pad, 
wireless remote, and the like. User input device 840 typically 
allows a user to select objects, icons, text, control points and 
the like that appear on the monitor 810. In some embodi 
ments, monitor 810 and user input device 840 may be inte 
grated, such as with an interactive screen display or pen based 
display such as a Cintiq marketed by Wacom, computer sys 
tem display 10, or the like. 

Embodiments of network interface 850 typically include 
an Ethernet card, a modem (telephone, satellite, cable, 
ISDN), (asynchronous) digital subscriber line (DSL) unit, 
and the like. Network interface 850 are typically coupled to a 
computer network as shown. In other embodiments, network 
interface 850 may be physically integrated on the mother 
board of computer 820, may be a software program, Such as 
soft DSL, or the like. 
Computer 820 typically includes familiar computer com 

ponents such as a processor 860, and memory storage 
devices, such as a random access memory (RAM) 870, disk 
drives 880, and system bus 890 interconnecting the above 
components. 

In one embodiment, computer 820 is a PC compatible 
computer having multiple microprocessors such as XeonTM 
microprocessor from Intel Corporation. Further, in the 
present embodiment, computer 820 typically includes a 
UNIX-based operating system. 
RAM 870 and disk drive 880 are examples of tangible 

media for storage of animation asset data, audio/video files, 
computer programs, operating system, embodiments of the 
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present invention, including rendering engines, program code 
configured to direct computer system 800 to perform the 
above described functions, and the like. Other types of tan 
gible media include floppy disks, removable hard disks, opti 
cal storage media such as CD-ROMS, DVDs, Blu-Ray disks, 
semiconductor memories Such as flash memories, read-only 
memories (ROMS), battery-backed volatile memories, net 
worked storage devices, and the like. 

In the present embodiment, computer system 800 may also 
include Software that enables communications over a network 
such as the HTTP, TCP/IP, RTP/RTSP protocols, and the like. 
In alternative embodiments of the present invention, other 
communications software and transfer protocols may also be 
used, for example IPX, UDP or the like. 

FIG. 8 is representative of computer systems capable of 
embodying the present invention. It will be readily apparent 
to one of ordinary skill in the art that many otherhardware and 
software configurations are suitable for use with the present 
invention. For example, the use of other microprocessors are 
contemplated, such as CoreTM or ItaniumTM microprocessors; 
OpteronTM or PhenomTM microprocessors from Advanced 
Micro Devices, Inc.; and the like. Additionally, graphics pro 
cessing units (GPUs) from NVidia, ATI, or the like, may also 
be used to accelerate rendering. Further, other types of oper 
ating systems are contemplated, such as Windows(R operat 
ing system such as Windows Vista R, WindowsNTR), or the 
like from Microsoft Corporation, Solaris from Sun Microsys 
tems, LINUX, UNIX, MAC OS from Apple Corporation, and 
the like. 

In light of the above disclosure, one of ordinary skill in the 
art would recognize many modifications that are considered 
within the scope of the present disclosure. For example, in 
various embodiments of the present invention, a velocity of 
movement of the user contacting the sensing Surface may be 
interpreted by the computer system. For example, a user may 
select an object and then quickly move in a specific direction 
and lift-off their finger. In Such a case, the computer system 
may interpret Such a sequence of events as moving the object 
further along the direction of movement than where the user 
lifted-off their finger, or the like. 

In some embodiments of the present invention, the com 
puter system may track rotational position of contact loca 
tions on the sensing Surface. For example, the user may place 
their entire hand onto the sensing Surface and rotate their 
hand, Such that the fingers point in different directions. In 
various embodiments, the regions between the fingers of the 
user may be associated with particular commands based upon 
direction. For example, when the fingers are pointed to the 
right, a first menu of commands is retrieved, when the fingers 
are pointed to the left, a second menu of commands is 
retrieved, and the like. 

In other embodiments of the present invention, menu com 
mands displayed to the user may be “dropped on top of 
objects on the display to effect a given command. As an 
example, two objects are selected in the virtual three-dimen 
sional space, and the region between the users thumb and 
pointer finger is associated with an “align in X-axis com 
mand, the region between the user's pointer and middle 
fingers is associated with an “align in y-axis command, the 
region between the user's middle and ring fingers is associ 
ated with an “align in Z-axis command. In this example, the 
user places their hand onto the sensing Surface and then pivots 
or moves their contacting hand until the region between the 
middle and ring fingers includes the two selected objects on 
the display. In response, the two select objects are displaced 
and aligned in the Z-axis in three-dimensional space. In light 
of the present disclosure, one of ordinary skill in the art will 
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understand that many types of commands may be "dropped 
upon objects to manipulate the selected objects, such as 
assignment of Surface parameters, deformations, retrieving 
particular versions of objects (e.g. latest versions), and the 
like. 

Various embodiments of the present invention may be 
applied within an animation system to perform inverse kine 
matics for a model of an object. In one example, a user may 
contact the display to select one portion of an object model 
and move it in three-dimensional space. In response to the 
movement, the computer system moves the other portions of 
the model to fit the position specified by the user. As an 
example, for a skeleton-type model, if the user selects a hand 
and moves it upwards, the fore arm, upper arm, and shoulder 
of the model all move upwards. In various embodiments, 
constraints may be placed upon movement of portions of the 
object model, again, by contacting the sensing Surface. For 
example, the user may place two fingers upon a first portion of 
the object model to constrain its position, and with their other 
hand, select a second portion of the model, and move it 
around, as discussed above. In such a case, the second portion 
of the model would not move. In various embodiments, a 
temporary constraint on movement may be specified by a user 
constantly contacting two fingers on the constrained portion, 
and a permanent constraint (until released) on movement may 
be specified by a user contacting a portion of the object model 
with three fingers, or the like. 

In various embodiments of the present invention, the inven 
tors recognize that sequences of contacting, movement, lift 
off, and the like may be mapped to different computer system 
commands, based upon the application with three-dimen 
sional space. For example, an object rigger will have different 
types of needs than an object animator, a lighter will have 
different needs than a set dresser, and the like. Accordingly, 
the inventors have determined that it is desirable to map the 
different user inputs to different computer system commands 
in a flexible way. One such method is via a custom configu 
ration file for each application or end-user that associates 
patterns of user contacts with specific menus, commands, or 
the like. The patterns may be similar for similar classes of 
users, but also user customizable. 

In other embodiments, the contacting, sequence of contact 
ing, sequence of lift-offs, motions of contacting, or the like 
may be used for security purposes, may be used for music 
creation, may be used for virtual musical instruments, and the 
like. In various embodiments, the user may be required to 
contact pre-determined locations on the screen with one or 
more fingers to be able to access programs and/the computer 
system. Additionally, the user may be required to move their 
fingers in certain patterns (e.g. a circle, a twisting pattern) 
and/or perform these actions within a set amount of time. In 
other embodiments, these motions may be combined with 
finger contact taps (e.g. tap-downs, lift-offs). 

In other embodiments, manipulations by the user may be of 
an object in three-dimensions. As an example, a three-dimen 
sional cube may be presented as a security challenge to a user. 
In response, using any number of the embodiments described 
above, the user may move the cube in certain ways, rotate the 
cube in certain ways, Zoom-into or Zoom-away from the cube, 
move about the cube, teleport the cube to certain locations and 
the like. If the user performs the manipulations in the correct 
sequence and/or with a given amount of time, the program, 
computer system, may be unlocked. 

In various embodiments, if the user does not perform the 
manipulations to a sufficient quality level, the user is pre 
vented from using the program, using the computer system, or 
the like. In other embodiments, if manipulations are not of 
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sufficient quality, the user need not be locked-out, but may be 
directed to alternative programs or be given limited access to 
the computer system, or the like. In still other embodiments, 
if the manipulations are not of Sufficient quality, the user's 
actions with the program/computer system may be logged for 
security purposes. 

In still other embodiments of the present invention, other 
types of data may be determined from sensing surface 30 and 
used by computer system 90. For example, the amount of 
pressure applied by the user's fingers may be determined; the 
pathtraced by the user's fingers may be recognized to indicate 
a particular command, menu, or the like; the Velocity of the 
user's finger movements may be used; or the like. 

In other embodiments of the present invention, instead of 
or in combination with a user contacting sensing Surface 30 
with their fingers, the user may use any other device to contact 
sensing Surface 30. As an example, the user may use a stylus 
a laser, or the like to contact sensing Surface 30. In another 
example, the user may be given any number of specialized 
"pucks' that may be contacted with sensing Surface. In Such 
embodiments, each puck may have a distinct shape that is 
recognized by computer system 90 and associated with a 
specialized command, menu structure, or the like. For 
example, the user may place a puck on sensing Surface 30 that 
includes a distinctive shape, that includes a distinctive optical 
bar code, infrared signature (active or passive), or the like. In 
response, the computer system may display a list of com 
mands from which the user may select. In various embodi 
ments, the user may also shape their hands into special posi 
tions and place them on sensing Surface. In Such examples, 
when computer system 90 recognizes a shape, e.g. “c” shape, 
'o' shape, or the like, specific commands or menus associated 
with the shape are retrieved and/or performed. 

Other embodiments may be applied to resize windows on 
sensing Surface 20. For example, in Some embodiments, the 
user may contact a first of a first hand and second finger of a 
second hand upon sensing Surface 20. In Such cases, the first 
and second finger contact positions may be associated with 
diagonal corners of a window, for example. Thus, as the user 
moves their fingers as they are contacting sensing Surface 20, 
the size of the window may be changed. 

In other embodiments, the user may contact two fingers of 
one hand upon sensing Surface 20 (e.g. thumb and pointer 
finger). In such examples, the user may then move these 
fingers apart quickly and the fingers may lose contact with 
sensing Surface 20. In response, based upon the quickness of 
movement, the size of the window on sensing Surface 20 may 
extend beyond the reach of both of the fingers. For example, 
a twenty inch diagonal window may be sized based upon the 
user moving their thumb and pointer finger apart quickly 
upon sensing Surface 20; and a eight inch diagonal window 
may be sized based upon the user moving their thumb and 
pointer finger apart slowly. In still other embodiments, two 
windows may be resized at the same time, one based upon the 
right and one based upon the left hand at the same time. In 
various embodiments, if the windows are moved to be adja 
cent upon sensing Surface 20, the window sizes may then be 
automatically resized to be similar. 

In various embodiments of the present invention was illus 
trated with sensing surface 30. It should be clear that embodi 
ments of the present invention may be used with any other 
type of display Surface and computer system display 10 need 
not be planar. As examples, computer system display 10 may 
include any shaped display Surface Such as a spherical Sur 
face, a cylindrical Surface, or the like. Accordingly, computer 
system display 10 and/or sensing surface 90 should be inter 



US 8,836,646 B1 
27 

preted as referring generally to any display Surface, either 
reflective, emissive, transmissive, or the like. 

It should be understood that “rendering may refer to a high 
quality process of converting an image from a mathematical 
description of a scene using a program such as Pixar's Ren 
derMan(R). Additionally, “rendering may refer to any graphi 
cal visualization of the mathematical description of the scene, 
or any conversion of geometry to pixels, for example “ren 
dering with a lower quality rendering engine, or the like, 
such as GL and GPU hardware and software renderers, and 
the like. In some embodiments of the present invention, this 
type of real-time rendering may be used for entertainment 
programs, such as computer of console gaming, PC gaming, 
or the like. 

In other embodiments, bio-metric inputs such as hand 
movements and the like could be used passwords and/or for 
user profile activation. In one embodiment, characteristic 
hand movements could be static Such as three fingers in a 
specific area allow access. In other embodiments, combina 
tions of characteristic hand movements, hand positions, static 
or temporal, could be used to activate a user profile, allow user 
access to the system, etc. For example, three fingers and a 
hand twist could be used, or three taps within a given time, or 
combinations thereof. In some embodiments, for security. If 
the user enters the wrong motion they could be denied entry to 
use the screen, or only denied access to certain programs, 
files, etc. Alternatively, the wrong hand movement may put 
the user at a different user interface to track what they are 
looking for. In this embodiment, the user may think they have 
gained access but in fact they are being monitored, and or 
allowed to believe they have access until security arrives. 

In other embodiment, such entry hand or performance 
movements could be used to login someone in to a specific 
user profile, or different movements for different setups. For 
example, three fingers may be used for profile one, four 
fingers for profile two. In another embodiment, three fingers 
may be used for profile one. However, once profile one is 
displayed, another recognized user-movement could be used 
for accessing a Sub profile. 

Further embodiments can be envisioned to one of ordinary 
skill in the art after reading the attached documents. In other 
embodiments, combinations or Sub-combinations of the 
above disclosed embodiments can be advantageously made. 
The block diagrams of the architecture and flow charts are 
grouped for ease of understanding. However it should be 
understood that combinations of blocks, additions of new 
blocks, re-arrangement of blocks, and the like are contem 
plated in alternative embodiments of the present invention. 
The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. It 
will, however, be evident that various modifications and 
changes may be made thereunto without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. 
What is claimed is: 
1. A method for a computer system comprising: 
determining a first set of virtual camera parameters for a 

virtual camera in three-dimensional space relative to a 
three-dimensional scene, wherein the location of the 
camera is within the three-dimensional scene, wherein 
the three-dimensional Scene comprises at least one 
three-dimensional object, and wherein the first set of 
virtual camera parameters include a first three-dimen 
sional position of the virtual camera; 

determining a first image of the three-dimensional scene in 
response to the first set of virtual camera parameters in 
three-dimensional space; 
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displaying the first image of the three-dimensional scene to 

the user on a user interface display of the computer 
system; 

determining a first position of a first indicator of a user 
placed upon the first image on the user interface display 
of the computer system; 

determining a first position of a second indicator of the user 
placed upon the first image on the user interface display 
of the computer system; 

determining a second position of the first indicator of the 
user placed upon the user interface display of the com 
puter system; 

determining a second position of the second indicator of 
the user placed upon the user interface display of the 
computer system; 

determining a second set of virtual camera parameters for 
the virtual camera in three-dimensional space relative to 
the three-dimensional scene in response to the first set of 
virtual camera parameters, to the first position and the 
second positions of the first indicator of the user, and to 
the first position and the second position of the second 
indicator, wherein the second set of virtual camera 
parameters include a second three-dimensional position 
of the virtual camera, 

wherein when the second position of the first indicator is 
shifted in a vertical direction upon the user interface 
display from the first position of the first indicator con 
currently with the second position of the second indica 
tor being shifted in the vertical direction upon the user 
interface display from the first position of the second 
indicator, the virtual camera is moved forward parallel to 
a ground plane from the first three-dimensional position 
to the second three-dimensional position in the three 
dimensional scene; 

determining an updated three-dimensional Scene based on 
the second three-dimensional position of the virtual 
Camera, 

determining a second image of the updated three-dimen 
sional Scene in response to the second set of virtual 
camera parameters in three-dimensional space; and 

displaying the second image of the three-dimensional 
scene to the user on the user interface display of the 
computer system. 

2. The method of claim 1 wherein determining the second 
set of virtual camera parameters in three-dimensional space 
comprises: 

determining a first direction of movement between the first 
position and the second position of the first finger of the 
user, 

determining a second direction of movement between the 
first position and the second position of the second finger 
of the user; and 

determining the second set of virtual camera parameters is 
in response to the first direction, the second direction, 
and the first set of virtual camera parameters. 

3. The method of claim 2 wherein determining the second 
set of virtual camera parameters comprises: 

determining a relative direction between the first direction 
and the second direction; and 

modifying the first set of virtual camera parameters to 
become the second set of virtual camera parameters in 
response to the relative direction, the first direction, and 
the second direction. 

4. The method of claim 3 wherein when the relative direc 
tion is upwards or downwards, a virtual camera roll parameter 
is modified. 
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5. The method of claim 1 wherein the first indicator is 
selected from a group consisting of a finger of the user, a 
stylus, a pointing device, a laser spot. 

6. The method of claim 1, wherein when the second posi 
tion of the first indicator is shifted in a downward direction 
upon the user interface device from the first position of the 
first indicator, and the second position of the second indicator 
is shifted in the downward direction upon the user interface 
device from the first position of the second indicator, the 
virtual camera is moved backward along the plane parallel to 
a ground plane of the three-dimensional scene. 

7. A computer program product comprising a non-transi 
tory tangible medium including computer system executable 
code for a computer system including a processor, a memory 
and a user interface display, the computer program product 
comprising: 

code that directs the processor to determine a first set of 
virtual camera parameters for a virtual camera in three 
dimensional space relative to a three-dimensional Scene, 
wherein the location of the camera is within the three 
dimensional scene, wherein the three-dimensional scene 
comprises at least one three-dimensional object, and 
wherein the first set of virtual camera parameters include 
a first three-dimensional position of the virtual camera; 

code that directs the processor to determine a first image of 
the three-dimensional scene in response to the first set of 
virtual camera parameters in three-dimensional space; 

code that directs the processor to display the first image of 
the three-dimensional scene to the user on user interface 
display of the computer system; 

code that directs the processor to determine a first position 
of a first indicator of a user placed upon the first image on 
the user interface display of the computer system; 

code that directs the processor to determine a first position 
of a second indicator of the user placed upon the first 
image on the user interface display of the computer 
system; 

code that directs the processor to determine a second posi 
tion of the first indicator of the user placed upon the user 
interface display of the computer system; 

code that directs the processor to determine a second posi 
tion of the second indicator of the user placed upon the 
user interface display of the computer system; 

code that directs the processor to determine a second set of 
virtual camera parameters for the virtual camera in 
three-dimensional space relative to the three-dimen 
sional scene in response to the first set of virtual camera 
parameters, to the first position and the second positions 
of the first indicator of the user, and to the first position 
and the second position of the second indicator, wherein 
the second set of virtual camera parameters include a 
second three-dimensional position of the virtual camera, 
wherein when the second position of the first indicator is 
shifted in a vertical direction upon the user interface 
display from the first position of the first indicator con 
currently with the second position of the second indica 
tor being shifted in the vertical direction upon the user 
interface display from the first position of the second 
indicator, the virtual camera is moved forward parallel to 
a ground plane from the first three-dimensional position 
to the second three-dimensional position in the three 
dimensional scene; 

code that directs the processor to determine an updated 
three-dimensional scene based on the second three-di 
mensional position of the virtual camera; 

code that directs the processor to determining a second 
image of the updated three-dimensional scene in 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

30 
response to the second set of virtual camera parameters 
in three-dimensional space; and 

code that directs the processor to display the second image 
of the three-dimensional scene to the user on the user 
interface display of the computer system. 

8. The computer program product of claim 7 further com 
prising: 

code that directs the processor to determine a first direction 
of movement between the first position and the second 
position of the first finger of the user; 

code that directs the processor to determine a second direc 
tion of movement between the first position and the 
second position of the second finger of the user, and 

code that directs the processor to determine the second set 
of virtual camera parameters is in response to the first 
direction, the second direction, and the first set of virtual 
camera parameters. 

9. The computer program product of claim 7 further com 
prising: 

code that directs the processor to determine a relative direc 
tion between the first direction and the second direction; 
and 

code that directs the processor to modify the first set of 
virtual camera parameters to become the second set of 
virtual camera parameters in response to the relative 
direction, the first direction, and the second direction. 

10. The computer program product of claim 9 
wherein when the relative direction is upwards or down 

wards, a virtual camera roll parameter is modified. 
11. A computer system comprising: 
a memory configured to store a first set of virtual camera 

parameters for a virtual camera in three-dimensional 
space relative to a three-dimensional scene, wherein the 
location of the camera is within the three-dimensional 
Scene, wherein the three-dimensional scene comprises 
at least one three-dimensional object, and wherein the 
first set of virtual camera parameters include a first 
three-dimensional position of the virtual camera; 

a processor coupled to the memory, wherein the processor 
is configured to: 
determine a first image of the three-dimensional Scene in 

response to the first set of virtual camera parameters 
in three-dimensional space, 

determine a first position of a first indicator of a user 
placed upon the first image on a user interface display 
of the computer system, 

determine a first position of a second indicator of the 
user placed upon the first image on the user interface 
display of the computer system, 

determine a second position of the first indicator of a 
user placed upon the user interface display of the 
computer system, 

determine a second position of the second indicator of 
the user placed upon the user interface display of the 
computer system, 

determine a second set of virtual camera parameters for 
the virtual camera in three-dimensional space relative 
to the three-dimensional scene in response to the first 
set of virtual camera parameters, to the first position 
and the second position of the first indicator of the 
user, and to the first position and the second position 
of the second indicator, wherein the second set of 
virtual camera parameters include a second three 
dimensional position of the virtual camera, wherein 
when the second position of the first indicator is 
shifted in a vertical direction upon the user interface 
display from the first position of the first indicator 
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concurrently with the second position of the second 
indicator being shifted in the vertical direction upon 
the user interface display from the first position of the 
second indicator, the virtual camera is moved forward 
parallel to a ground plane from the first three-dimen 
sional position to the second three-dimensional posi 
tion in the three-dimensional scene, 

determine an updated three-dimensional Scene based on 
the second three-dimensional position of the virtual 
camera, and 

determine a second image of the updated three-dimen 
sional scene in response to the second set of virtual 
camera parameters in three-dimensional space; and 

the user interface display coupled to the processor, wherein 
the user interface display is configured to display the first 
image of the three-dimensional Scene to the user on the 
user interface display, and configured to display the sec 
ond image of the three-dimensional scene to the user on 
the user interface display. 

12. The computer system of claim 11 wherein the first 
indicatoris selected from a group consisting of a finger of the 
user, a stylus, a pointing device, a laser spot. 

13. A method for a computer system comprises 
displaying a representation of a plurality of three-dimen 

sional objects, wherein a first three-dimensional object 
is located at a first three-dimensional location at a first 
display position on a display to a user; 

determining a first user interface position of a first indicator 
of a user placed upon a user interface device of the 
computer system; 

determining a selection of the first three-dimensional 
object of the plurality of three-dimensional objects in 
response to the first user interface position of the first 
indicator being at the first display position; 

displaying a representation of a plurality of geometric con 
straints associated with the first three-dimensional 
object at a plurality of display positions on the display to 
the user; 

while the first indicator of the user is placed upon the user 
interface device, determining a second user interface 
position of a second indicator of the user placed upon the 
user interface device; 

determining a selection of a geometric constraint from the 
plurality of geometric constraints in response to the sec 
ond user interface position and the plurality of display 
positions; 

determining movement of the second indicator of the user 
placed upon the user interface device from the second 
user interface position to a third user interface position; 

moving the first three-dimensional object from the first 
three-dimensional location to a second three-dimen 
sional location along the direction of the selected geo 
metric constraint, in response to the movement of the 
second indicator and in response to the selected geomet 
ric constraint; 

determining a representation of the first three-dimensional 
object located at the second three-dimensional location; 
and 

displaying the representation of the first three-dimensional 
object located at the second three-dimensional location 
at a second display position on the display to the user. 

14. The method of claim 13 wherein the geometric con 
straint from the plurality of geometric constraints is selected 
from the group consisting of a translational movement con 
straint along a geometric axis within three-dimensional 
space, a rotational constraint along a geometric axis within 
three-dimensional space. 
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15. The method of claim 14 wherein prior to determining 

movement of the second indicator of the user, the method 
comprises determining that the second indicator of the user is 
removed from the user interface device of the computer sys 
tem. 

16. The method of claim 13 
wherein while the first indicator of the user is placed upon 

the user interface device, determining a fourth user inter 
face position of a third indicator of the user placed upon 
the user interface device; 

wherein determining the selection of the geometric con 
straint from the plurality of geometric constraints is also 
in response to the fourth user interface position. 

17. The method of claim 16 wherein the geometric con 
straint from the plurality of geometric constraints comprises 
a translational movement constraint within a geometric plane 
within three-dimensional space. 

18. The method of claim 13 wherein prior to determining 
movement of the second indicator of the user, the method 
comprises determining that the second indicator of the user is 
removed from the user interface device of the computer sys 
tem. 

19. The method of claim 13 wherein the first indicator is 
selected from a group consisting of a finger of the user, a 
stylus, a pointing device, a laser spot. 

20. The method of claim 13 wherein differences in geo 
metric placement of the first three-dimensional object are 
constrained between the first three-dimensional location and 
the second three-dimensional location. 

21. The method of claim 20 wherein the first three-dimen 
sional location and the second three-dimensional location 
have a similar ground plane. 

22. The method of claim 13 wherein determining the sec 
ond user interface position of a second indicator of the user 
placed upon the user interface device occurs while the first 
indicator of the user is placed upon the user interface device. 

23. The method of claim 13 wherein moving the first three 
dimensional object from the first three-dimensional location 
to a second three-dimensional location, in response to the 
second user interface position occurs before the first indicator 
of the user is removed from the user interface device. 

24. The method of claim 13 wherein determining the sec 
ond user interface position of a second indicator of the user 
placed upon the user interface device occurs after the first 
indicator of the user is removed from the user interface 
device. 

25. The method of claim 13 wherein moving the first three 
dimensional object from the first three-dimensional location 
to a second three-dimensional location, in response to the 
second user interface position occurs after the first indicator 
of the user is removed from the user interface device. 

26. A computer program product comprising a non-transi 
tory tangible medium including computer system executable 
code for a computer system including a processor, a memory 
and a display, the computer program product comprising: 

code that directs the processor to display a representation 
of a plurality of three-dimensional objects, wherein a 
first three-dimensional object is located at a first three 
dimensional location at a first display position on the 
display to a user; 

code that directs the processor to determine a first user 
interface position of a first indicator of the user placed 
upon a user interface device of the computer system; 

code that directs the processor to determine a selection of 
the first three-dimensional object of the plurality of 
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three-dimensional objects in response to the first user 
interface of the first indicator being at the first display 
position; 

code that directs the processor to display a representation 
of a plurality of geometric constraints associated with 
the first three-dimensional object at a plurality of display 
positions on the display to the user; 

code that directs the processor to determine a second user 
interface position of a second indicator of the user placed 
upon the user interface device, while the first indicator of 
the user is placed upon the user interface device: 

code that directs the processor to determine a selection of a 
geometric constraint from the plurality of geometric 
constraints in response to the second user interface posi 
tion and the plurality of display positions; 

code that directs the processor to determine movement of 
the second indicator of the user placed upon the user 
interface device from the second user interface position 
to a third user interface position; 

code that directs the processor to move the first three 
dimensional object from the first three-dimensional 
location to a second three-dimensional location along 
the direction of the selected geometric constraint, in 
response to the movement of the second indicator and in 
response to the selected geometric constraint; 

code that directs the processor to determine a representa 
tion of a first three-dimensional object located at the 
second three-dimensional location; and 

code that directs the processor to display the representation 
of the first three-dimensional object located at the sec 
ond three-dimensional location at a second display posi 
tion on the display to the user. 

27. The computer program product of claim 26 wherein the 
geometric constraint from the plurality of geometric con 
Straints is selected from the group consisting of: a transla 
tional movement constraint along a geometric axis within 
three-dimensional space, a rotational constraint along a geo 
metric axis within three-dimensional space. 

28. The computer program product of claim 27 further 
comprising code that directs the processor to determine that 
the second indicator of the user is removed from the user 
interface device of the computer system. 

29. The computer program product of claim 26 further 
comprising: 

code that directs the processor to determine a fourth user 
interface position of a third indicator of the user placed 
upon the user interface device, while the first indicator of 
the user is placed upon the user interface device; and 

code that directs the processor to determine the selection of 
the geometric constraint from the plurality of geometric 
constraints in response to the fourth user interface posi 
tion. 

30. The computer program product of claim 29 wherein the 
geometric constraint from the plurality of geometric con 
Straints comprises a translational movement constraint within 
a geometric plane within three-dimensional space. 
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31. The computer program product of claim 26 further 

comprising code that directs the processor to determine that 
the second indicator of the user is removed from the user 
interface device of the computer system. 

32. A computer system comprising: 
a memory configured to store a model of a first three 

dimensional object; 
a processor coupled to the memory, wherein the processor 

is configured to: 
determine a representation of a plurality of three-dimen 

sional objects, wherein the first three-dimensional 
object is located at a first three-dimensional location 
in response to the model, 

determine a first user interface position of a first indica 
tor of a user placed upon a user interface device of the 
computer system, 

determine a selection of the first three-dimensional 
object of the plurality of three-dimensional objects in 
response to the first user interface position of the first 
indicator being at a first display position, 

determine a second user interface position of a second 
indicator of the user placed upon the user interface 
device, while the first indicator of the user is placed 
upon the user interface device, 

determine a selection of a geometric constraint from the 
plurality of geometric constraints in response to the 
second user interface position, configured to 

determine movement of the second indicator of the user 
placed upon the user interface device from the second 
user interface position to a third user interface posi 
tion, 

move the first three-dimensional object from the first 
three-dimensional location to a second three-dimen 
sional location along the direction of the selected 
geometric constraint, in response to the movement of 
the second indicator and in response to the selected 
geometric constraint, and 

determine a representation of a first three-dimensional 
object located at the second three-dimensional loca 
tion; and 

a display coupled to the processor, wherein the display is 
configured to: 
display the representation of the first three-dimensional 

object located at the second three-dimensional loca 
tion at a second display position on the display to the 
user, 

display the representation of the first three-dimensional 
object located at the first three-dimensional location 
at the first display position on the display to the user, 
and 

display a representation of a plurality of geometric con 
straints associated with the first three-dimensional 
object at a plurality of display positions on the display 
to the user. 


